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ABSTRACT  
Blast loads are categorized as far-field and near-field loads in terms of the scaled distance. Far-field and near-field 
loading are associated with explosions that occur at scaled distances of more than or less than 1.18 m/kg1/3, 
respectively. The blast waves from a far-field explosion arrive simultaneously at and exert uniformly distributed 
pressure on a target. Response computations can be performed using the semi-empirical relations (charts) presented 
in UFC-3-340 design manual, ConWep program or high fidelity physics based commercial software like LS-DYNA, 
AUTODYN, and ABAQUS. On the other hand, for near-field blasts, the interaction between blast waves and 
structures is more complex. Near-field events are characterized by a high temperature fireball and extremely high 
magnitude, spatially and temporally non-uniform overpressure. It has been reported by many researchers that 
existing empirical relationships are inaccurate to determine blast parameters of near-field explosions. Numerical 
codes exist that are capable of modeling the detonation process, propagation of shock wave and shock-structure 
interaction for near-field explosions. However, well-established experimental data that can be used to validate such 
models is limited. Furthermore, the experimental data available is focused on response of reinforced concrete (RC) 
slabs/walls, various façade elements and steel plates. A review of the literature suggests that there is limited 
experimental work on response of RC columns in the near-field and especially contact explosions. This article 
reviews the state-of-the-art of near-field and contact explosions to understand the current level of knowledge in this 
field and to identify research needs/gaps. 
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1. INTRODUCTION 
An explosion is defined as a sudden release of energy and hot gases, within a very short period of time. Explosions 
can be accidental or intentional (terrorist attack) and can cause catastrophic effects on structures. The increased 
number of accidental and terrorist events has led to more focused research in the field of blast wave structure 
interaction. However, there is limited experimental data available when compared to other forms of extreme loads 
such as wind, earthquake and impact. The dearth of live explosion research data and blast-resistant design 
procedures is due to lack of access to experimental facilities and cost involved in carrying out field testing compared 
to other load categories. Until recently, testing involving explosives were limited to the military. As the threat of 
attack has migrated from against military installations to against public and civilian infrastructures, many 
researchers are now investigating the effects of explosions against hardened and conventional structures. Access to 
test sites is however still restricted to select government agencies and their contractors. 
 
At present blast resistant design procedures are based on simplified methods elucidated in Unified Facilities Criteria 
(UFC-3-340-02, 2008). The empirical polynomial relationships given by Kingery and Bulmash (1984) form the 
basis of blast load parameters for spherical air bursts and hemispherical surface bursts. These relationships are based 
on four tests of between 5-500 ton TNT conducted between 1959-1964 (Kingery & Pannill, 1964). The semi-
empirical high-order polynomials are also incorporated into ConWep program (Hyde, 1988) for calculating blast 
load parameters for a range of scaled distances. However the charts provide no data for scaled distances less than 
GEN-836-2 
0.053 m/kg1/3 and the data represented in near-field range is also not accurate (Luccioni et al. (2006); Sherkar et al. 
(2010); Wang et al. (2008); Cormie et al. (2014a)). The definition of near field range varies a lot in the literature. 
A.S.C.E (2011) defines near-field as scaled distances lesser than 1.18 m/kg1/3 whereas Cormie et al. (2014b) defines 
near-field range as 0.4 m/kg1/3. Regardless of the definition, the charts are not accurate for small scale distances and 
contact explosions. For the purpose of this paper the near-field range has been taken as 1.18 m/kg1/3 and below. In 
case of near-field explosions the empirical expressions cannot be applied with confidence because of the fireball and 
the complexity of the flow processes involved in the propagation of detonation products close to the point of 
detonation. No clear and simple guidance exists on how to define the magnitude and spatial variation of near-field 
blast loading or contact explosions. Various numerical modelling approaches exist to simulate detonation, shock 
propagation and shock-structure interaction. However few definitive experimental data exists to validate such 
models (Rigby et al., 2014b). 
2. CURRENT STATE OF PRACTICE 
2.1 Far-field explosions 
The detonation of explosive materials generates high-temperature and high-pressure gases. The hot gases propagate 
radially outwards at very high velocities from the point of detonation, forming shock wave and preceded by a thin 
high pressure layer known as the shock front. When the shock front reaches a point in space (originally at the 
ambient pressure) an instantaneous increase in pressure to the peak incident pressure Pso is observed. Figure 1 shows 
a typical blast pressure time history as described in UFC-3-340-02 (2008). The shock front velocity diminishes with 
time as it propagates and so also does the peak incident pressure, Pso. As the shock wave impacts a surface, it is 
reflected/reinforced and is termed as reflected pressure, Pr which is higher than the incident pressure. 
 
 
Figure 1: Pressure time history of a blast wave (UFC-3-340-02, 2008) 
Broadly, the method of analysis for structures subjected to far-field blast loads involves determination of blast load 
parameters and performing dynamic analysis to ascertain the behavior of the structure. The blast parameters form 
the basis for blast loading on structures. Blast wave parameters for conventional high explosives have been 
researched in great detail. Peak overpressures due to spherical (free air burst/air burst) and hemispherical (surface 
burst) charges based on the Hopkinson-Cranz scaling law have been presented by various researchers and defense 
manuals (Brode (1955); Newmark and Hansen (1961); Mills (1987); UFC-3-340-02 (2008); Mays and Smith 
(1995)). The blast load parameters, as elucidated in the above literature, can be calculated from the empirical 
equations (charts) at a particular scaled distance. The dynamic response of structural members to blast loading is 
usually determined by means of single-degree-of-freedom (SDOF) dynamics approach. The basic advantage of 
using these empirical charts and SDOF approach is speed and simplicity. The actual structural member is assumed 
to be a SDOF system with concentrated mass attached to a massless spring. The blast loads (forcing function) 
represented by Figure 1 can be idealized as triangular load. The equation of motion for the SDOF system can be 
solved to arrive at the time history of displacement response for the system. To simplify the problem further, UFC-
3-340-02 (2008) has provided family of response curves that can accurately predict the ductility of SDOF system 
under the considered loads. 
2.2 Near field blast versus far field blasts 
A structural system may be designed using SDOF approach however effects like P-Delta, localized deformations, 
concrete panel zone deformations and other localized response characteristics associated with near-field explosions 
are not captured (Smilowitz & Tennant, 2010). Near-field explosions produce high intensity blast loads that are 
extremely non-uniform across a structural member. The loading of the structural member takes place within the 
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detonation by-products and explosion fireball. In addition high velocity primary fragments from the explosive 
casing, if any, are likely to impact the structure. Under such situations the analytical tools developed for far-field 
analysis are less reliable especially for scaled distances less than 1.18 m/kg1/3 (Smilowitz and Tennant (2010), 
Cormie et al. (2014a), Sherkar et al. (2010), Wang et al. (2008), Luccioni et al. (2006)).The charts further loose 
accuracy for charges other than spherical and hemispherical shape (Smilowitz & Tennant, 2010). It is vital to 
determine the accurate blast pressure/impulse load in order to accurately predict the response of the structure 
subjected to near field blast. In near-field or contact explosions the duration of blast loading may be shorter than the 
time to maximum response of the member. In such cases the structural members are analyzed for impulse loading 
and not the blast overpressure loading. The localized shock waves result in a compressive wave originating from the 
front face when the blast wave strikes the surface. The shock waves propagate towards the back surface and upon 
reflection results in tensile waves. Concrete materials have higher compressive strength than tensile strength. Hence 
if the tensile wave stress is higher than the tensile strength, the back surface will fragment i.e. spall (Naito et al., 
2014). The front face may be crushed if the compressive stress is high and exceed the compressive strength 
(cratering). The failure of both front and back faces culminating at a common point will lead to a breach; leaving a 
hole in the member Figure 2(b). 
 
 
(a)                        (b) 
Figure 2: (a) Global behavior (far-field explosion) (b) Spall and breach (near-field explosion) (Rigby et al., 2014b) 
The near-field blast loading is spatially non-uniform and hence the structural members (beams/columns) are likely to 
fail in shear due to impulse take-up (Rigby et al., 2014b). In case of far-field explosions the pressure and impulse 
take-up of the members is uniform thereby resulting in bending action. The interaction of far-field and near-field 
blasts with structural members is depicted in Figure 2. Whilst the tools and techniques for measuring the blast 
parameters for far-field explosion is quite developed, measuring the blast parameters in near field explosion (in 
fireball and detonation products) is difficult. In addition to the temporal and spatial non-uniformity, there are large 
variations between non-spherical and spherical charges in the near-field. For instance the blast waves from 
cylindrical charges are predominantly directed in either radial or axial direction depending on the length-to-diameter 
ratio unlike spherical charges wherein the blast waves are omni-directional. Also, the point of initiation of an 
explosive charge significantly influences the blast parameters in the near-field in case of cylindrical charges 
(Anderson et al., 2002). The difficulty in measuring the blast wave parameters in the near-field and the lack of 
understanding of the response of structural elements subjected to blast loading from near-field explosions has led to 
increased research interest in the subject. The specific aspects that are currently being studied for near-field blasts 
include; (a) numerical modelling approaches to simulate near-field explosions (b) experimental techniques to 
validate numerical models and (c) simplified methods to predict structural response due to near-field explosions. 
3. MODELLING APPROACHES 
3.1 Theoretical background of numerical frameworks applicable to blast analysis 
In continuum mechanics there are two classical approaches to numerically model continuous materials (solids, 
liquids, or gases), using the finite element method. These are Lagrangian algorithm for solid mechanics and Eulerian 
algorithm for fluid mechanics. In Lagrangian approach, the structural mesh deforms in space according to the 
constitutive model, in response to the applied load or boundary conditions. The material constitutive models define 
the stress, strain and temperature relations which are used to determine the response at each time step of the 
numerical analysis. In the Eulerian algorithm the mesh is fixed in space while the material points move in space 
through the mesh. To model the physics involved when both solid mechanics (structure) and fluid mechanics 
(explosive detonation and wave propagation) are considered, elasto-plastic material models with rupture criteria 
(computational structural dynamics, CSD) coupled with either the Euler or the Reynolds-Averaged Navier-Strokes 
GEN-836-4 
formulation (computational fluid dynamics) is required (Baum et al., 2006). The Arbitrary-Lagrangian-Eulerian 
(ALE) algorithm is one such algorithm that couples the Lagrangian and Eulerian algorithms. Modelling of solid 
materials is carried out in Lagragian mesh while the surrounding fluid uses the Eulerian algorithm with fixed mesh 
nodes in space and moving material points. ALE algorithm simultaneously defines the fluid motion and the dynamic 
response of solids thereby capturing the fluid-structure interaction. Particle motion in these three approaches is 
elucidated in Figure 3(a). Within the Lagrangian elements the mesh is controlled against distortion and does not 
necessarily follow the material movement. Element nodes move in consonance with the stable solutions and the 
material state variables are thus advected to the new smoother mesh. Generally when advection is used, both 
momentum and kinetic energy is not conserved at the same time. Commonly, momentum and internal energy is 
conserved but not kinetic energy. The change in kinetic energy and hence the total energy with time is a drawback 
with ALE algorithm. Another drawback with ALE algorithm is longer computational time due to advection. Small 
element sizes must be used to get sufficient accuracy in order to minimize advection errors which is at the expense 
of computation time (Børvik et al., 2009). 
 
 
(a) Classical Finite Element (FE) mesh      (b) Material Point Method 
Figure 3: Particle motion in Lagrangian, Eulerian, ALE and MPM description (Cheng et al. (2013), Beuth (2012)) 
Multi material ALE (MMALE) is an extension of Eulerian algorithm used for describing gas flow from explosive 
detonation. A MMALE element can have several different materials, with tracked material interfaces in one single 
element. This is considered to be more efficient for modelling gas flow with large gradients (Zakrisson et al., 2011) 
as there can be Eulerian elements in the model with both air and detonation products. MMALE currently remains the 
most widely used fluid-structure algorithms for blast analysis (Trajkovski et al., 2014) in both far-field and near-
field explosion events. 
 
Numerical solutions are very sensitive to time step and mesh size while using multi-physics algorithms like ALE. 
Additionally, as stated above, the node displacements do not coincide with the movement of solid body throughout 
the computation. An offshoot of ALE methods is Material Point Method (MPM), developed by Sulsky et al. (1994), 
which is based on the Particle-In-Cell method. MPM, apart from utilizing the finite element mesh, has a cloud of 
points called material points that move through the Finite Element (FE) grid similar to Eulerean mesh (Figure 3 (b)). 
These material points represent the sub-regions of a solid body, however, unlike other meshless techniques, material 
points are not individual particles such as sand grains. The state parameters of the solid and the external loads is 
carried by these material points (Beuth, 2012). FE grid is used to calculate the incremental displacements and strain 
increments at the material point locations. If the FE grid causes numerical inaccuracies, the mesh is reset into its 
original state or changes arbitrarily depending on the accumulated distortions. In short, MPM can be seen as a FEM 
with moving integration points (Ma & Zhang, 2007). MPM, though promising in impact and blast analysis, is 
relatively new and there is only one commercially available software package implementing the technique, 
MPMsim. Limited amount of research is available in this numerical modelling framework. 
 
Finite element methods, whether in Lagrangian domain, Eulerian domain or the coupled domain, have a distinct 
disadvantage of mesh distortions leading to numerical inaccuracies. To address this shortcoming, meshless 
formulations such as the MPM were developed. In the meshless formulations a solid is defined as a point set rather 
than a finite element grid. Each point represent a sub-region of the deforming solid. The most commonly used 
method in meshless framework is Smooth Particle Hydrodynamics (SPH). Meshless methods circumvent the 
problem of mesh distortions but are poor in application of boundary condition and numerical integration. 
Additionally great care is required to ensure that the point set represents the solid body accurately. If the density of 
point set reduces due to large deformations, non-physical gaps may occur within the body leading to numerical 
instability or failure in certain regions of the body. SPH is suitable for far-field explosions where large deformations 
are not encountered. SPH algorithm has been incorporated into most high fidelity software like AUTODYN, 
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ABAQUS, LS-DYNA. Ma et al. (2009) have reported MPM to be more efficient than SPH in modelling 
hypervelocity impact problems. 
3.2 Material models 
Equations of state (EOS) and constitutive models are used within the numerical framework to define the detonation, 
propagation of detonation products and shock wave, air domain around the structure and explosive and the response 
of the structure. Commonly, there are three materials defined in a numerical model for blast analysis: explosive, air 
and structural materials. The numerical framework considered (ALE/MPM/SPH etc.) utilizes the EOS to calculate 
the pressure throughout the mesh/material point set at each time step. The fluid structure interaction is captured by 
application of pressure on the structure and its corresponding response at each time step based on the constitutive 
model. 
3.2.1 Explosive 
Detonation of an explosive is the movement of detonation wave through the explosive from the point of detonation. 
As the detonation wave moves away from the point of detonation, it raises the temperature of the explosive thereby 
initiating the explosive ahead of the detonation wave and a chemical (explosion) reaction behind the wave in a small 
region called reaction zone. The energy released from the explosion reaction drives the detonation wave further. At 
the same time the gaseous products from the reaction expand and form a rarefaction wave that moves with the same 
velocity as the detonation wave (velocity of detonation). Pressure, velocity, and density change significantly due to 
this process which is known as the detonation jump. A physical model of detonation process is depicted in Figure 
4(a) and the detonation jump can be observed in the pressure-distance curve in Figure 4(b). The tail end of the 
reaction zone is termed the Chapman-Jouget (C-J) plane. The rarefaction wave is responsible for bringing the 
gaseous products from C-J state to the fully expanded state at ambient pressure and is commonly known as the 
Taylor wave (Sherkar et al., 2010). 
        
(a)                      (b) 
 Figure 4: Detonation wave model and pressure-distance curve (Davis (1982), Zukas and Walters (1998)) 
The detonation jump is modelled by the Rankine-Hugoniot jump equations that are based on conservation of mass, 
momentum, and energy. The three equations are based on five variables: compressed density of material in front of 
shock wave (ρ), detonation velocity (U), particle velocity (u), pressure generated in material due to compression (p) 
and final specific internal energy (E). As there are five variables and three equations, solution for the problem 
requires two more equations. The fourth equation is the EOS that describes the expanding gases due to the 
detonation. Fifth equation is the known value of one of the variables. EOS for high explosives include Becker-
Kistiakowski-Wilson (BKW), Jacobs-Cowperthwaite-Zwisler (JCZ), Lennard-Jones-Devonshire (LJD) and Jones-
Wilkins-Lee (JWL) equations. Of these, JWL is most wildly used and is easily calibrated. Majority of near-field 
modelling has been performed with JWL (Tham (2009), Cheng et al. (2013), Rigby et al. (2014a), Zakrisson et al. 
(2011)). The JWL pressure-volume relationship is represented by equation 1, where p is pressure, V is relative 
volume, E is internal specific energy and A, B, R1, R2 and ω are constants obtained by calibration of test data and 
found by detonation of cylinder of explosive in consideration confined by copper-like metal. The constants for many 
known explosives are presented in Lawrence Livermore National Laboratories explosives handbook (Dobratz and 
Crawford (1985)). 
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The above discussion assumes that all the energy is released on detonation and is utilized to propel the shock wave. 
However some explosives are under-oxidized and as the shock wave moves away from the detonation point, the 
products consume oxygen from air and release more energy. This process is called afterburning. The after-burn 
energy can be up-to twice the detonation energy and cannot be neglected (Sherkar et al., 2010). Modelling after-burn 
with currently available commercial software is a challenge, but AUTODYN has provisions to account for afterburn 
energy. Computer codes like CHEETAH and CHINOOK are known to model after-burn phenomenon and the 
associated chemical reactions, however the codes are controlled for distribution and are not commercially available. 
Specifically for near-field events, Cormie et al. (2014b) reported that the effect of after-burning is likely small and 
need not be considered. 
3.2.2 Air 
For chemical reactions involved in explosions, there is no dissociation of gaseous molecules in air. The air is 
modelled as an ideal gas with a constant specific heat ratio, γ. LS-DYNA uses a polytropic form of ideal gas while 
AUTODYN uses the ideal gas equation represented by Equation 2 where ρ and ρo are the density in the shocked 
region and initial density, respectively and E is internal energy per unit reference volume. 
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3.2.3 Structural Materials 
Numerical modelling of structural materials has been an area of active research for decades. The constitutive model 
of a material describes its physical properties and response behavior under different mechanical and environmental 
conditions. For near-field explosions the material is expected to experience high strain-rates, large deformations and 
localized failures. Hence, the constitutive model should be able to describe these effects on the material response. 
 
Concrete, even though heterogeneous, is often modelled as a homogeneous material to avoid complications. For 
numerical modelling of blast events, damage plasticity constitutive models such as the Johnson and Holmquist (JH), 
Gebbeken and Ruppert (GR), Riedel-Hiermaier-Thoma (RHT), Karagozian and Case (K&C), Brannon-Fossom 
(BF1), and Continuous Surface Cap Model (CSCM) are commonly used. Abladey and Braimah (2014) reviewed the 
advantages of RHT model over JH and GR models for near-field explosions and reported that both JH and GR 
models do not consider strain hardening effects and thus are not suitable for modelling near-field explosion events. 
A review by Brannon and Leelavanichkul (2009) states that the increase in strength due to higher stain rate needs to 
be incorporated in the constitutive model for modeling blast events. Further they pointed that the increase is 
modelled as higher yield surface in K&C and RHT models by utilizing the dynamic increase factors (DIF). In the 
comparatively newer models BF1 and CSCM, the rate dependence is modelled through a viscoelastic approach that 
matches the stress transients prior to reaching the steady state strength better. The CSCM has an additional feature 
for including DIF data. It has been reported by Brannon and Wells (2007) that K&C model over-predicts concrete 
damage. Leppaenen (1997) has shown RHT to correctly predict spalling and scabbing behavior against fragment 
impact. Generally speaking, K&C, RHT, BF1 and CSCM are used as a starting point for modelling a near-field or 
contact blast for which experimental data is available. The constitutive model that has been validated with 
experimental data is used for specific studies. 
 
For steel, the Johnson and Cook (JC) model is the most commonly used constitutive model to describe large 
deformations, high strain-rate and temperature softening. The model is based on Von Mises Plasticity and the yield 
stress is scaled as per the equivalent plastic strain, strain rate and the temperature. Several modification to this model 
are available and the model modified by Børvik et al. (2001) is recommended by Zakrisson et al. (2011) and 
Abladey and Braimah (2014) for modelling near-field and contact explosion response. Generally speaking, 
numerical modelling techniques are in a mature stage and are continuously evolving to more accurately represent 
different materials and loading conditions. 
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4. EXPERIMENTAL VALIDATION APPROACHES 
The empirical charts and equations available for estimating blast parameters are not accurate in the near-field. A 
considerable amount of research is available on numerical modelling of near-field explosions, however, the 
literature review reveals that very little has been done on experimental verification/validation of the numerical 
results. Few experimental results are available to validate the numerical response of structural members based on 
qualitative parameters like visual damage, mode of failure, spall/breach diameter. Pi et al. (2012); Wang et al. 
(2013); Naito et al. (2014) have reported numerical computations and have compared the results to experimental 
response of near-field explosions on structural members like windows, concrete slabs, steel plates, and concrete 
columns. Most of this research is concentrated on façade elements, RC slabs/walls or steel plates and very little 
could be found in the literature for RC columns. Hence, the focus of this section is restricted to RC columns 
subjected to near-field and contact explosions. Columns are the most critical members in any structure; especially 
exterior columns as they are most accessible to terrorist attacks. Column failure is normally the primary cause of 
progressive collapse in buildings (Wu et al., 2011a). For these reasons, near-field response of RC columns is now 
getting a lot of attention. The near-field response of RC columns is noticeably different from slabs and walls. A 
large set of data is available in the literature where explosives have been detonated on or near different slab 
geometries. The damage state (breach, spall or no damage) and damage extent (breach or spall diameter) is well 
understood and considerable amount of literature is also available on numerical modelling of these phenomena 
(Puryear, 2012). Similar research work and data does not exist for RC columns pertaining to near-field blasts. The 
only limited data on spall-breach of RC columns in near-field is available from Williamson et al. (2009). Echevarria 
et al. (2014) and Wu et al. (2011b) utilized data from near-field/contact blast tests to create validated numerical 
models. These validated models were then used for parametric studies to investigate effect of various parameters on 
the response. However the conclusions are based on only 1-3 experimental tests used to validate the numerical 
model. There is a requirement of extensive experimental data in order to validate the predictive numerical tools. 
Comparison of small scale experimental response of RC columns subjected to near-field or contact blasts, with 
numerical computations gives a better understanding of near-field or contact explosion events. Details of test setup 
and correlation methodologies found in literature for field tests conducted on RC columns in near-field and contact 
range have been discussed below. 
4.1 Experimental test setups 
Near-field and contact blasts generate high overpressures, hence a reaction frame is required to provide the support 
conditions to the test member and also resist the dynamic loads. Wu et al. (2011a) conducted column tests by 
providing a footing and head to the column and placing it horizontally on the ground (Figure 5). It was assumed that 
the ground provided the reaction as a slab. In the horizontal position, placing of explosive was not complicated and 
could be placed for any condition. However, the support conditions were not replicated precisely in this setup and 
the effect of beam-column junction reinforcement was not included. 
 
 
(a) Numerical Model    (b) Predictive Response      (c) Field Test 
Figure 5: Test setup and numerical model of a composite RC column (Wu et al., 2011a) 
Echevarria et al. (2014) conducted field tests using a vertical steel frame (Figure 6(a)) that provided a better 
representation of free standing columns. The columns were subjected to blasts in the near-field and the effect of 
reflected pressure from the wall was neglected. For near-field and contact explosions, the test setup in Williamson et 
al. (2009) was found to be more suitable, as there are no surfaces reflecting the blast pressures (Figure 6(b)). The 
steel reaction structure used was designed to resist the worst test condition and was provided with a RC foundation 
(Figure 6(b)). The RC foundation was also designed to resist the blast loads and was cast in-situ. It was reported that 
the reaction frame sustained damage with each test. Consequently the later tests did not have complete fixity and 
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rotations were observed. These rotations were however incorporated in numerical computations carried out to model 
the columns subsequently. 
 
 
Figure 6: (a) Near-Field tests (reflected pressures neglected) (Echevarria et al., 2014) (b) Test frame for near-field 
and contact blasts (Williamson et al., 2009) 
The data acquisition plays an important role in near-field blasts as the gauges must be able to survive the extreme 
conditions. The data acquisition and instrumentation plan by Williamson et al. (2009) has been reported to survive 
near-field or contact conditions. The test program incorporated strain gauges on the reinforcement bars before 
casting them. In addition high speed video cameras and free-field pressure gauges were used to gather data and 
observations. Each column was provided with two additional pressure gauges than required to provide redundancy. 
Free-field pressure gauges were located at 9144 mm (30 ft.) from the charge which ensured that they survived all the 
tests. Data from pressure gauges were used to determine the TNT equivalency and efficiency in each test. All cables 
within the fireball and close to test specimen were bundled and buried. No other variations of test setups for near-
field or contact explosions on RC columns could be found in the literature apart from the test setups reviewed above. 
4.2 Validation of numerical model through experimental results 
Shock propagation in a RC slab/wall is one-dimensional (1D), implying that the waves are reflected only from the 
back face and not the sides (Figure 7(a)). Consequently, correlating the experimental and numerical results of RC 
slab/wall is much more convenient than RC columns. The spall/breach diameter gives a good understanding of the 
thresholds for RC slab/wall damage due to contact blasts. Empirical expressions and threshold curves are available 
in the literature for slabs to accurately predict the spall/breach thresholds (Marchand & Plenge, 1998). On the 
contrary, as the shock waves get reflected from both back and the side faces (2D propagation), it is largely different 
from slabs/walls (Figure 7(b)). Different parameters that can be used to validate numerical models RC columns 
through experimental data are discussed below. 
 
       
(a)                (b) 
Figure 7: Shock propagation in (a) slabs and (b) columns 
J. Li and Hao (2014) have presented parametric studies on spall prediction in RC columns subjected to near-field 
explosions. The numerical model was calibrated through experimental tests on RC slabs reported in literature. The 
numerical model was validated through residual deflection at slab centre and the spall radius which were reported to 
be in agreement. It was concluded that spall damage in RC columns is localised in case of near-field explosions and 
is insensitive to column stiffness and support conditions. Cui et al. (2015) numerically studied the damage 
mechanisms in RC columns due to near-field explosions and presented a rapid damage assessment method. The 
numerical model was validated through simulation of experimental data in literature. The validation was done in two 
steps, first, the peak overpressure from model was compared to the peak overpressure reported by Bogosian and 
Heidenreich (2012), second, the length of spall area on the back face and length of crushing area on the front face of 
the RC beam were validated with the results reported by Zhang et al. (2013). The parametric studies from this model 
showed that larger section, higher stirrup ratio, lower stirrup spacing and thinner concrete cover improves the blast-
resistance or performance of RC columns against near-field explosions. Puryear et al. (2012) developed threshold 
curves for damage prediction in RC columns that were based on eleven experimental tests conducted by Williamson 
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et al. (2009) and parametric results from 325 numerical computations. The damage extent on the sides and rear of 
the RC columns were compared with the experimental data for validation. An algorithm for predicting damage state 
(breach, spall or no damage) of a RC column was presented which was reported to be in good agreement with the 
experimental results from Williamson et al. (2009). The experimental setup for tests performed by Echevarria et al. 
(2014) has been mentioned in the previous section. The correlation parameters used in this study were peak and 
residual mid span displacements and the spall extent. The numerical results for these parameters were compared 
with the experimental data and a hypothesis of blast overpressure confinement (OPC) was proposed. As per OPC, 
the incident blast wave due to a near-field explosion engulfs the column and provides confining effect to the 
concrete thereby increasing the compressive strength. The authors further validated this hypothesis by modifying the 
concrete material model. Wu et al. (2011b) conducted two contact/near-field explosion tests on RC columns (Figure 
5) and generated a validated numerical model. The concrete erosion zone and the crack profile of two tested 
columns were used to validate the numerical model. Further, two empirical equations have been presented to 
estimate the residual capacity of near-field explosion induced RC columns. Crawford et al. (2014) presented a 
simplified design tool for RC columns subjected to near-field explosions using residual capacity as the design 
metric. The design tool is based on response surface developed with help of load and response data from a validated 
finite element model and near-field blast effects test data collected at Karagozian and Case (K & C). Abladey and 
Braimah (2014); Braimah et al. (2015) conducted numerical and experimental investigations on response of RC 
columns subjected to near-field explosions. The validation was carried out through mid-height deflections at 
different standoffs. B. Li and Bao (2010) correlated the numerical results with the experimental data using the 
residual capacity of the damaged columns and further conducted parametric studies on numerical computations. 
5. CONCLUSIONS 
The literature pertaining to state-of-the-art in near-field and contact explosions testing and modelling have been 
reviewed to arrive at the current research needs and gaps. The present empirical guidelines for far-field explosions 
cannot be applied confidently for near-field explosions design. It is now largely accepted that the empirical relations 
presented by Hyde (1988), Kingery and Bulmash (1984) etc., lose accuracy in the near-field. Several researchers 
have presented numerical methods to predict the blast parameters/structural response due to near-field explosions. 
The coupled Lagrangian-Eulerian algorithms have been widely used to model the fluid-structure interaction. The 
JWL EOS for explosive modelling and ideal gas EOS for air has been reported to give acceptable results. Many 
researchers have compared experimental results from structural members subjected to near-field explosions with 
numerical models of the test. These comparisons are restricted to RC slabs, façade elements, steel plates and walls. 
The literature on near-field and contact blast response of RC columns is sparse. The available data on RC columns is 
largely based on parametric studies through numerical models validated by limited experimental data present in the 
literature. Most of the literature reviewed conclude that the studies were based on limited experimental data and 
would require further range of tests to fully validate the procedure. The threshold aspect ratio of concrete members 
that precludes 2D shock propagation is currently not known. The implication of primary reinforcement lap locations 
on the response of RC columns subjected to near-field or contact explosions has not been investigated. Cross-
sectional shape of the column has significant effect on their response in near-field but this aspect also remains 
uninvestigated. The specific threat scenario of suitcase bombs that would result in a near-field or contact explosion, 
needs further research including the effects of cladding and axial loads and end moment capacity on column 
response. There is a need to have extensive data on field tests of RC columns subjected to close-in or contact blasts 
in order to create high fidelity numerical models, empirical relations and threshold curves. This would help 
understand the effects better and enable confidence in RC column design under near-field and contact blasts. 
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